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Vocabulary
interior angle, p. 722
exterior angle, p. 723

B E F O R E Now W H Y ?

You found angle
measures of triangles. 

You’ll find measures of interior
and exterior angles. 

So you can analyze a street map,
as in Ex. 22.

Angles and Polygons

Tambourines The frame of the tambourine
shown is a regular heptagon. What is the
measure of each angle of the heptagon? 
You will find the answer in Example 2.

An of a polygon is an 
angle inside the polygon. In the activity 
on page 721, you used triangles to find 
the sum of the measures of the interior 
angles of a convex polygon. You can find 
the measure of an interior angle of a regular polygon by dividing the
sum of the measures of the interior angles by the number of sides.

interior angle

Measures of Interior Angles of a Convex Polygon
The sum of the measures of the interior angles of a convex n-gon
is given by the formula (n � 2) p 180�.

The measure of an interior angle of a regular n-gon is given by 

the formula �(n � 2
n
) p 180�
�.

Find the sum of the measures of the interior angles of the polygon.

a. b.

Solution

a. For a convex pentagon, n � 5. b. For a convex octagon, n � 8.

(n � 2) p 180� � (5 � 2) p 180� (n � 2) p 180� � (8 � 2) p 180�

� 3 p 180� � 6 p 180�

� 540� � 1080�

Example 1 Finding the Sum of a Polygon’s Interior Angles

For help with convex polygons
and regular polygons, see 
p. 516.

Review Help
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Lesson 13.3 Angles and Polygons 723

Find ma1 in the diagram.

Solution

The angle that measures 87� forms a straight angle with a1, 
which is the exterior angle at the same vertex. 

ma1 � 87� � 180� Angles are supplementary.

ma1 � 93� Subtract 87� from each side.

Example 3 Finding the Measure of an Exterior Angle

Find the measure of an interior angle of the frame of the tambourine
shown on page 722.

Solution

Because the tambourine is a regular heptagon, n � 7.

� �
(n � 2

n
) p 180�
� Write formula.

� �
(7 � 2

7
) p 180�
� Substitute 7 for n.

≈ 128.6� Evaluate. Use a calculator.

Answer The measure of an interior angle of the frame of the
tambourine is about 128.6�.

Measure of an
interior angle

Example 2 Finding the Measure of an Interior Angle

Checkpoint

1. Find the sum of the measures of the interior angles of a convex
10-gon.

2. Find the measure of an interior angle of a regular 12-gon.

Exterior Angles When you extend a side of
a polygon, the angle that is adjacent to the
interior angle is an . In the
diagram, a1 and a2 are exterior angles.
An interior angle and an exterior angle at
the same vertex form a straight angle.

exterior angle

2

1

Checkpoint

3. In Example 3, find ma2, ma3, ma4, and ma5.

2 3

4
1

5

89�

106�

124�

87�

134�

The formula �(n � 2
n
) p 180�
�

is valid only for a regular
polygon. You cannot use this
formula to find the measure 
of an interior angle of a 
convex polygon that is not
regular.

Watch Out
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724 Chapter 13 Angle Relationships and Transformations

Teapots The diagram shows a teapot 
in the shape of a regular hexagon.  
Find ma2.

Solution

The measure of an interior angle of a regular hexagon is �(6 � 2
6
) p 180�
�.

ma1 � ma2 � 180� Angles are supplementary.

�
(6 � 2

6
) p 180�
� � ma2 � 180� Substitute formula for ma1.

120� � ma2 � 180� Simplify.

ma2 � 60� Subtract 120� from each side.

Example 4 Finding an Angle Measure of a Regular Polygon

Find the unknown angle
measure in the diagram.

Solution

x� � 81� � 100� � 106� � 360�

x � 287 � 360 Add.

x � 73 Subtract 287 from each side.

Answer The angle measure is 73�.

Sum of measures of exterior angles
of convex polygon is 360�.

Example 5 Using the Sum of Measures of Exterior Angles

Sum of Exterior Angle Measures Each vertex
of a convex polygon has two exterior angles.
If you draw one exterior angle at each vertex,
then the sum of the measures of these angles
is 360�. The calculations below show that this
is true for a triangle.

ma4 � ma5 � ma6 � (180� � ma1) � (180� � ma2) � (180� � ma3)

� (180� � 180� � 180�) � (ma1 � ma2 � ma3)

� 540� � 180� � 360�

1 2

Checkpoint

4. Find the measure of an exterior angle of a regular pentagon.

5. Four exterior angles of a convex pentagon have measures 14�, 87�,
56�, and 30�. Find the measure of the fifth exterior angle. 

52

6

1
4

3

81�

106�
100�

x�
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Lesson 13.3 Angles and Polygons 725

Find the sum of the measures of the interior angles of the polygon.

8. 9. 10.

11. Writing Is the formula for the sum of the interior angles of a polygon
valid for a triangle? Explain your reasoning.

In Exercises 12–17, find the measure of an interior angle and the
measure of an exterior angle for the regular polygon.

12. Triangle 13. Quadrilateral 14. Octagon 

15. Pentagon 16. 10-gon 17. 15-gon

18. For the triangle shown, 
what is the measure of 
an exterior angle at 
vertex A? at vertex B?
at vertex C?

Practice and Problem Solving

1. Draw a convex polygon that has exactly 8 interior angles.

2. Draw a quadrilateral and show one exterior angle at each vertex.

In Exercises 3–6, match the description with the correct value.

3. Sum of measures of interior angles of a convex heptagon A. 360�

4. Measure of an interior angle of a regular hexagon B. 45�

5. Measure of an exterior angle of a regular octagon C. 900�

6. Sum of measures of exterior angles of a convex 12-gon D. 120�

7. In the diagram shown, what is ma2?

Find the sum of the measures of 
the interior angles of the polygon.

Find ma1.

Subtract your answer to Step 2 from 180�.3

2

1

Guided Problem Solving

Skill Check

Vocabulary Check

Guided Practice

Exercises
More Practice, p. 815

13.3 eWorkbook Plus
CLASSZONE.COM

INTERNET

Example Exercises
1 8–11 
2 12–17, 22–23 
3 18, 22
4 12–17, 21
5 19–20

Homework Help

Online Resources
CLASSZONE.COM

• More Examples
• eTutorial Plus
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47�32�
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726 Chapter 13 Angle Relationships and Transformations

In Exercises 19 and 20, find the unknown angle measure.

19. 20.

21. Writing Suppose you know only the number of sides of a regular
polygon. Describe the steps you would take to find the measure of an
exterior angle of the polygon.

22. Cotati Hub The map shows a
section of Cotati, California. This
area is called the Cotati Hub. It is
made up of six streets that form a
regular hexagon.

a. William Street and George
Street form a1. Find ma1.

b. West Cotati Avenue bisects 
the interior angle formed by
William Street and Olaf Street.
Find ma2.

23. Critical Thinking Suppose you know only the sum of the measures of
the interior angles of a pentagon. Can you always find the measure of
one of the interior angles? Explain your reasoning.

Algebra Find the values of x and y.

24. 25. 26.

27. Extended Problem Solving The table shows the relationship
between x, the number of sides of a regular polygon, and y, the
measure of an interior angle. 

a. Graph Copy and complete the table. Round to the nearest tenth, if
necessary. Then plot the ordered pairs (x, y) in a coordinate plane.

b. Analyze As the number of sides increases, does the change in the
measure of an interior angle increase, decrease, or stay the same? 

c. Decide Your friend says that y � 148� when x � 11. Based on the
numbers in the table, do you agree? Explain your reasoning.

28. For which regular polygon is the ratio of an exterior angle measure to
an interior angle measure 1 to 1? 2 to 1? 2 to 3? 

4x� 2x�

3x�

y�

x�

x�

y� 110�

110�

x�
y�

128�

141�

90�

68�

81�

79�

x�
104�

103�

75�
x�

In the Real World
Cotati Hub In the photo of
Cotati, California, shown,
suppose that each of the 
6 streets that form the larger
hexagon is about 760 feet long.
What is the perimeter of the
hexagon?

GEORGE ST.

HENRY ST.

W. COTATI AVE.

OLAF ST.

ARTHUR ST.

CH
AR

LE
S 

ST
.

W
ILL

IA
M

 S
T. 1

2

x 3 4 5 6 7 8 9 10

y 60� ? ? ? ? ? ? ?
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29. Baseball In baseball, home
plate is in the shape of a
pentagon, as shown. Find
the value of x. 

30. Interpret Generate a sequence by evaluating the expression 
180 p (n � 2) for n � 3, 4, 5, 6, and 7. Then tell whether the sequence is
arithmetic or geometric. 

31. Critical Thinking Draw a convex polygon and show two exterior angles
at each vertex. Why do the two exterior angles at one vertex of 
the polygon have the same measure?

32. The measures of the exterior angles of a triangle are 5x�, (x � 47)�, and
(6x � 35)�. Classify the triangle by its angles. Explain your reasoning. 

In Exercises 33–35, the sum of the measures of the interior angles of 
a convex polygon is given. Classify the polygon.

33. 1620� 34. 2160� 35. 2700�

36. Challenge Let w�, x�, y�, and z� represent the measures of the interior
angles of a quadrilateral. Show that the sum of the exterior angles, one
exterior angle at each vertex, is 360�.

Find the sum. (Lesson 1.5)

37. 8 � (�3) 38. �17 � 8 39. �9 � (�5) 40. �10 � (�12)

Graph the equation. Tell whether the equation is a function. (Lesson 8.2)

41. y � 3x � 2 42. y � �3 43. y � x � 4 44. x � 6

Find the value of x that makes lines m and n parallel. (Lesson 13.2)

45. 46.

47. Multiple Choice The base of a gazebo is in the shape of a hexagon. 
What is the sum of the measures of the interior angles of the base?

A. 360� B. 540� C. 720� D. 900�

48. Multiple Choice The shape of a traffic sign usually indicates the sign’s
meaning. The shape of a stop sign is always a regular octagon. What is
the measure of an interior angle of a stop sign?

F. 90� G. 108� H. 135� I. 144�

49. Short Response The 20 cent Euro
coin has 7 indentations. If you
connect the indentations with
segments, you obtain a regular
polygon, as shown. What is the
measure of an exterior angle of the
polygon? Explain your reasoning.

Standardized Test
Practice

t

m

n60�

(7x � 4)�t

m

5x�

n

75�

Mixed Review

x�x�
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